INTRODUCTION
is common in Africa, the Middle East, southern Europe, the Far East, Central and South America and the United States of America (Soulsby 1982) .
Anaplasma infections in wildlife, both natural and experimental, as well as occurrence of Anaplasma antibodies in wildlife have been reported world-wide (Kuttler 1984) . Among African wildlife, subclinical occurrence of Anaplasma marginale, either natural or after artificial infection, has been confirmed in the African buffalo, Syncerus caffer (Potgieter 1979) , eland, Taurotragus oryx (Peirce 1972; Ngeranwa, Venter, Penzhorn, Soi, Mwanzia & Nyongesa 1998) , black wildebeest, Connochaetes gnou (Neitz 1935) , blue wildebeest, Connochaetes taurinus (Smith, Brocklesby, Bland, Purnell, Brown & Payne 1974) , grey duiker, Sylvicapra grimmia (Neitz & Du Toit 1932) and blesbok, Damaliscus dorcas phillipsi (Neitz & Du Toit 1932) . Anaplasma marginale was successfully transmitted from a naturally infected giant African rat, Cricetomys gambianus, to a bovine (Dipeolu, Akinboade & Adetunji 1981) .
Subclinical occurrence of Anaplasma ovis, either natural or after artificial infection, has been confirmed in eland (Enigk 1942; Ngeranwa et al. 1998 ) and blesbok (Neitz 1939) , and Anaplasma centrale can be artificially established in blesbok (Neitz & Du Toit 1932) .
The occurrence of unidentified Anaplasma spp., based on positive serological assays or presence of organisms visible on blood smear examination, has been reported in African buffalo (Brocklesby & Vidler 1966) , blue wildebeest (Brocklesby & Vidler 1965; Kuttler 1965; Löhr & Meyer 1973; Burridge 1975 ), Coke's hartebeest, Alcelaphus buselaphus cokei (Löhr & Meyer 1973 ), Thomson's gazelle, Gazella thomsonii (Löhr & Meyer 1973 ), Grant's gazelle, Gazella granti (Löhr, Ross & Meyer 1974) , gerenuk, Litocranius walleri (Brocklesby & Vidler 1965) , impala, Aepyceros melampus (Kuttler 1965; Löhr et al. 1974) , sable antelope, Hippotragus niger (Grobler 1981; Thomas, Wilson & Mason 1982) , waterbuck, Kobus ellipsiprymnus (Kuttler 1965; Löhr et al. 1974) and giraffe, Giraffa camelopardalis (Brocklesby & Vidler 1966; Löhr & Meyer 1973; Augustyn & Bigalke 1974; Löhr et al. 1974) .
Giraffe would appear to be the only African wildlife species in which clinical anaplasmosis has been described in free-ranging animals. Severe clinical signs were reported in two cases (Löhr & Meyer 1973; Augustyn & Bigalke 1974) . In both instances, death occurred in association with Anaplasma parasitaemia and severe anaemia. Anaplasmosis has been described in captive addax, Addax nasomaculatus (Ebedes & Reyers 1984) .
In the Coast Range area of California, Anaplasma spp. infections are maintained in black-tailed deer, Odocoileus hemionus, populations in the absence of cattle (Christensen, Osebold & Douglas 1962 Kingston, Blight & Dalgleish 1999) . This CI-ELISA was used to detect group-specific antibodies to Anaplasma in wildlife-livestock interface areas in Kenya.
MATERIALS AND METHODS

Study area
This study was primarily carried out in the Machakos area of Kenya, where wildlife populations share the grazing with cattle, sheep and goats. A few specimens from other areas in Kenya were also included. Blood specimens were collected from eland (n = 12), blue wildebeest (n = 58), kongoni, Damaliscus korrigum (n = 120), impala (n = 7), Thomson's gazelle (n = 8), Grant's gazelle (n = 5), giraffe (n = 3) and plains zebra, Equus quagga (n = 11) at the Athi River slaughter house, Machakos (60 km south of Nairobi) and its surroundings during routine game cropping. Giraffe specimens (n = 13) were collected from Nakuru National Park (165 km northwest of Nairobi) and eland specimens from the field in the Nakuru region (n = 41) and Baobab Ranch, Mom-basa (n = 2). Sera from livestock were collected from the Machakos area, as well as from the Laikipia and Thika districts. The negative controls (n = 10) were from captive-born buffalo calves raised in tickfree surroundings (Wildlife Disease Research Project, Kabete, Nairobi, Kenya). In live animals, blood was collected by venipuncture from the jugular vein into 5 mℓ tubes. Blood from shot or slaughtered animals was collected into tubes when the animal was exsanguinated. The blood was allowed to clot; the serum was decanted into stoppered tubes and frozen until processed in the laboratory.
CI-ELISA
The CI-ELISA with recombinant MSP-5 was modified from a previously described assay used to detect antibody against MSP-5 in A. ovis infected goats (Ndung'u et al. 1995) . The recombinant Anaplasma antigen MSP-5 and a MAB ANAF16C1, were supplied by Washington State University, USA. Antimouse antibody was produced and conjugated to horseradish peroxidase (HRPO) at the Biotech nology Section, Kenya Agricultural Research Institute, Kabete, Kenya.
Briefly, pAM104A-transformed E. coli XL-1 Blue was grown overnight in 50 mℓ of Luria-Bertani broth containing 150 mg of ampicillin per mℓ. The E. coli was harvested by centrifugation at 1 000 g for 10 min at 4 °C. The pellet was washed with 10 mℓ of a modified proteinase inhibition buffer (PI buffer) [50 mM Tris-HC1 (pH 8.0) containing 5 mM EDTA and 1 mM phenylmethylsulfonyl fluoride]. The pellet was dissolved in 5 mℓ PI buffer containing 1 mg lysozyme per mℓ and incubated on ice for 20 min. Nonidet P-40 was added to a concentration of 1 %, the mixture was vortexed briefly and incubated on ice for 10 min. The solution was sonicated twice on ice at 100 watts for 1 min pausing for 15 s. After sonication the mixture was centrifuged at 12 000 g for 20 min at 4 °C. The supernatant (the antigen) was recovered and was stored at 4 °C.
Before use, the MSP-5 antigen and ANAF16C1 MAB were titrated in a checkerboard titration to determine the optimum working dilutions. Immulon 2 plates (Dynatec-USA) were coated overnight at room temperature with 40 μℓ of antigen diluted with coating buffer (0.03 M NaHCO 3 , 0.015 M Na 2 CO 3 , pH 9.6). The following day the contents of the wells were discarded and the plates washed three times with PBS (pH 7.4) containing 0.05 % Tween 20 (PBS-T). After washing, the coated plates were blocked by adding 200 μℓ of PBS-T containing 5 % skimmed milk powder per well and incubated for 1 h at room temperature. After blocking and emptying the wells, 40 μℓ per well of neat test serum were added in duplicates. All the subsequent incubations were done at room temperature for 45 min with mechanical shaking. The following controls were included: the first row was left as the blank and only PBS was added to keep the wells from drying out; in the second row, 40 μℓ of freshly diluted ANAF16C1 MAB were added; in the third and fourth rows, 10 different known negative sera were added, each well with a different serum sample; in the fifth row, known positive serum was added. After incubation, the contents of the wells were discarded, 50 μℓ of the ANAF16C1 MAB were added per well except for the blank row in which PBS was again added. The plates were incubated and then washed three times with PBS-T before 50 μℓ of the HRPO-conjugated anti-mouse antibody were added to each well, including the blank wells. Incubation was done as above. After this incubation, the plates were washed three times with PBS-T with 5 min soaking between each wash. The substrate [2,2'-azino-di(3-ethylbenzothiazoline sulfonate)] (ABTS) containing 0.05 % H 2 O 2 (30 % v/v) was added, 100 μℓ per well, incubated at room temperature for 30 min and the optical density was determined in a spectrophotometer at 410 nm wave length. The cut-off values were computed by calculating the mean and standard deviations of the negative controls. Any value which was less than the product of the mean of the negative controls and three standard deviations was considered positive while any reading above this product, was considered negative.
RESULTS
The results are given in Table 1 .
DISCUSSION
A high seroprevalence of Anaplasma antibodies was found in all species investigated (Table 1) . These results are in contrast to those of Kuttler (1965) , where only 7/117 wildlife sera were positive for Anaplasma spp. on the complement-fixation test (CFT). In a more recent survey also using the CFT, only 1/10 buffaloes from a ranch in Laikipia was seropositive to Anaplasma spp. (Kimber, Lubroth, Dubovi, Berninger & DeMaar 2002) . Prevalence rates in wildlife approaching 75 % were reported by Löhr et al. (1974) , based on the Card Agglutination Test (CAT) and the Indirect Fluorescent Antibody Test (IFAT). The differences may arise from the different methods used, as well as species-specific differences.
The IFAT was significantly more sensitive for detection of cattle infected with Anaplasma spp. (97 %); the CAT and CFT were less so (84 % and 79 %, respectively) (Gonzalez, Long & Todorovic 1978) . In an experimental study in the USA, the CFT gave false positive and suspicious reactions when applied to serum samples of known Anaplasma-negative pronghorn, Antilocapra americana, bighorn sheep, Ovis canadensis, and elk, Cervus canadensis (Howe, Hepworth, Blunt & Thomas 1964) . False negative reactions also occurred with known positive deer sera. With the capillary tube-agglutination test, 96 % accuracy was obtained with known negative wildlife sera, but 49 % false-negative reactions occurred on known positive sera (Howe et al. 1964) . It has also been shown that CF titres in Anaplasma-carrier deer fall to levels below the sensitivity of the diagnostic test (Christensen, Osebold & Rosen 1958) .
It is interesting to note that 27 black-faced impalas, A. m. petersi, in Northern Namibia were seronegative to Anaplasma on the CAT (Karesh, Rothstein, Green, Reuter, Braselton, Torres & Cook 1997) . Whether this was due to insensitivity of the test or dearth of vectors in an arid environment is a moot point.
The high seroprevalence (72.7 %) in plains zebras is of interest, as occurrence of Anaplasma spp. in zebras has apparently not been reported previously. Anaplasmosis has been reported in domestic horses; the causative organism in that case was named Anaplasma equi (Brion 1943) . Anaplasma phagocytophilum should also be borne in mind. Although it has not been reported from African wildlife, A. phago cytophilum can infect horses (Madigan, Richter, Kimsey, Barlough & Bakken 1995) High seroprevalence was also found in bovines, sheep and goats, with overall prevalences of 97 %, 90 % and 85 %, respectively (Table 1) . Earlier work done in Kenya using the CFT on bovine sera found a prevalence of 26 % of positive cases and 26 % of suspicious ones (Kuttler 1965) . In more recent work, where diagnosis was based only on clinical signs, the incidence of bovine anaplasmosis over a oneyear period was found to be 15-57 % (Mulei & Rege 1989) . These findings could not have been accurate, as diagnosis based on clinical signs is not sensitive enough and subclinical cases and carrier animals would have been missed. The authors also used blood smears to confirm their diagnosis, a method that may not help as the organisms are known to disappear from the blood more than 16-26 days into the disease (Henning 1956; Ristic 1962) . Other than the methods used, differences may also occur based on the area where the studies were carried out. It is noteworthy that the study area covered by Mulei & Rege (1989) is a high-potential one where zero-grazing management is practised by most farmers. With this management, the number of vectors and carrier animals is minimal. The present study, on the other hand, focused on areas of wildlife-livestock interaction, which are generally more arid rangelands where tick control is practised to reduce tick burdens rather than to eradicate ticks. The high seroprevalence in Kenyan wildlife is not unique. Seroprevalence of up to 100 % has been reported in wildlife at some localities in the USA, while at other localities it was zero, suggesting either a lack of vectors and/or carriers, or that sample sizes may have been too small (Jessup, Goff, Stiller, Oliver, Bleich & Boyce 1993) . In the Machakos area, where most of our samples came from, wildlife and livestock grazed together. The cattle reared on these farms are of indigenous breeds, hence relatively resistant to anaplasmosis (Soulsby 1982) , which allows relaxed tick control. In most of these areas, theileriosis is also not common as the principal tick vector, Rhipicephalus appendiculatus, does not occur, providing yet another reason for not applying strict tick control measures. These reasons can explain the high prevalence rates obtained in this study. 
